In the aerobic bacterium Chelatobacter heintzii, growth and regulation of enzymes involved in nitrilotriacetic acid (NTA) degradation have been investigated in chemostat culture during cultivation with glucose, NTA or mixtures thereof. In batch culture ,urn,, with NTA was 018 h-I and with glucose 0.22 h-I. Growth yields for both substrates were reduced at low dilution rates. During growth with NTA specific activity of the NTA monooxygenase (NTA-MO) exhibited a maximum at D = 003 h-I and gradually decreased with increasing dilution rates. In glucose-grown cells the specific activity as well as immunologically detectable NTA-MO protein was always close to the detection limit. During cultivation with different mixtures of NTA and glucose at a dilution rate of 006 h-I, both substrates were utilized simultaneously, irrespective of the NTA/glucose ratio and the presence of excess ammonia. Synthesis of both NTA-MO and iminodiacetic acid dehydrogenase became induced when NTA contributed to more than approximately 1-3% of the total carbon in the substrate mixture supplied. However, NTA was also degraded when the proportion of NTA in the mixture was lower than 1 %, which is consistent with the low constitutive level of expression for NTA-MO observed. Results are discussed with respect to NTA biodegradation during sewage treatment and in ecosystems.
INTRODUCTION
Nitrilotriacetate (NTA) is widely used as a complexing agent in both domestic and industrial cleaning agents but also in various other industrial applications including nuclear decontamination processes (Macaskie, 1991 ; Egli, 1988; McCrary & Howard, 1979; Mottola, 1974) . Due to the fact that NTA has been used to partially replace polyphosphates in laundry detergents this xenobiotic compound gave rise to considerable discussion because of its potential to remobilize heavy metals from polluted river sediments or soils. It was feared that accumulation of undegraded NTA could lead to heavy metal contamination of drinking water supplies (Tiedje, 1980; Anderson e t al., 1985) .
In natural aquatic systems as well as in wastewater treatment plants the principal mechanism for the elimination of "I'A is biodegradation. Several NTA-degrading strains have been isolated and characterized ; most of them were found to be obligately aerobic Gramnegative rods or cocci (Wanner e t al., 1990; 1988; Kakii etal., 1986; Cripps & Noble, 1973; Enfors & Molin, 1973a, b ; Tiedje e t al., 1973; Focht & Joseph, 1971) . Previously considered to be pseudomonads, the obligately aerobic strains have been shown to form two new genera, Chelatobacter and Cbelatococcm, within the asubgroup of Proteobacteria (Auling e t al., 1993) , whereas the taxonomic position of the only well-characterized denitrifying strain is still uncertain (Wanner e t a/., 1990).
The biochemistry Of NTA-degradation has been dated in obligately aerobic strains and in one denitrifying strain (Egli, 1994) . In all obligate aerobes investigated so M. BALLY a n d O T H E R S far the metabolism of NTA proceeds via a two-component monooxygenase (NTA-MO). T h e isolation of a n enzyme catalysing the oxidation of NTA t o glyoxylate and iminodiacetic acid (IDA) from Cb. beintxii ATCC 29600 has been recently reported (Uetz e t al., 1992) . In the same strain the presence of a membrane-bound IDA dehydrogenase (IDA-DH) responsible for the subsequent degradation of IDA t o glycine and glyoxylate was detected (Uetz & Egli, 1993) . F r o m the denitrifying strain TE 11 a NTA dehydrogenase ( N T A -D H ) able t o catalyse rhe PMS-dependent oxidation of NTA t o glyoxylate and IDA has been isolated and characterized (Jenal-Wanner & Egli, 1993 ; Kemmler, 1993) .
F o r both Chelatobacter and Cbelatococctrs strains it was found that ability t o metabolize NTA was inducible (Egli, 1994 ; Uetz e t al., 1992) . However, it is presently n o t known how environmental conditions and nutritional status affect the regulation of both N T A -M O and I D A -DH in these bacteria. Preliminary data suggested that the capacity t o degrade NTA in the environment might lie regulated via induction/repression rather than by enrichment of competent microbes (McFeters e t al., 1990) . Therefore, in Cb. heintxii ATCC 29600 the influence of cultivation conditions on the expression of N T A -M O and IDA-DH was investigated in more detail in chemostat culture.
METHODS
Microbial strain and cultivation. Chelatobacter heintrii ATCC 29600 (Auling e t al., 1993) was used in all experiments.. The organism was pre-cultured in a synthetic medium described previously with 2 g NTA (C,H,NO,Na,. H,O) 1-1 as the only source of carbon and nitrogen.
For continuous cultivation this medium was modified in the following way: 1.9 ml H,PO, (85 YO, w/w) 1-' was used in-.
stead of sodium/potassium phosphate buffer, vitamins were' omitted, the concentrations of MgSO,. 7 H 2 0 and CaC1,. 2H,O were lowered to 0.3 g 1-1 and 0.02 g 1-' , respectively, and 10 mg of silicone antifoam (Fluka) 1-' were added. The concentrations of carbon and nitrogen sources used varied between 0-4 g NTA 1-' , 0-2 g glucose (monohydrate) 1-1 and 0-1-38 g NH,C1 1-l.
The individual medium compositions used in the different experiments are given below. The bioreactor (MBR, Switzerland; 2 1 working volume) was aerated at a rate of 0.2 vol. vol.-' min-l (v.v.m.) ; pH was controlled at 6.8 with H,PO, (1 M) and KOH/NaOH (0.5 M each). The temperature was maintained at 30 "C. Steady state conditions were defined as constant biomass concentration and NTA-MO activity. Each steady state data point represents the average of three independent samples.
Measurement of enzyme activity
Harvesting of cells and preparation of protein extracts. T o prevent disturbance of established steady state conditions cells were harvested continuously from the chemostat outlet by immediately cooling down the culture liquid to 0 "C. Cells from 100 ml portions were collected by centrifugation and were washed twice with Tris/HCl buffer (30 mM, pH 8.0). The specific activity of NTA-MO was not affected by this procedure. Washed cells were resuspended in 1.8 ml Tris/HCl buffer (30 mM, pH 8*0), cooled in an ice/ethanol suspension and sonified (Branson Sonifier 450, duty cycle 30%, output 3) six times for 1 min with a 30 s break between each cycle to ensure cooling. The resulting crude extract was centrifuged for 20 min at 30000 g to remove whole cells and debris. The supernatant was collected and centrifuged a second time for 60 min at 200000 g . The resulting supernatant was tested for NTA-MO activity, whereas the pellet containing inner membrane fragments was used to assay for IDA-DH and succinate dehydrogenase activities.
NTA-MO activity. The assay was conducted according to the procedure described by Uetz et al. (1992) except that Tris/HCl buffer (30 mM, pH 8.0), FMN (10 pM) and MgCl, (2 mM) were used. Each assay was performed in triplicate.
IDA-DH activity. The assay described by Uetz & Egli (1993) was used to measure IDA-dependent oxygen consumption of inner membrane fractions. The pellet was rinsed with and then resuspended in Tris/H,SO, buffer (30 mM, pH 8.3). The suspended pellet (0.5 ml) was added into a thermoregulated (25 "C) oxygen electrode cell (Rank Brothers) containing 1.7 ml Tris/H, SO, buffer (30 mM, pH 8.3) . Once the endogenous oxygen uptake rate was constant 0.3 ml IDA (final concentration 30 mM) was added and the IDA-stimulated rate of oxygen consumption was determined.
lmmunoquantification of the two NTA-MO components
Samples (2 ml) of culture suspension were collected from the chemostat and cells were immediately harvested by centrifugation at 20000g for 5 min. The pellet was resuspended in 0.2 ml of sample buffer (Laemmli, 1970) , boiled for 3 min, immediately frozen and stored at -80 "C. For detection of NTA-MO components A and B the procedure described by Uetz et al. (1992) was followed. For quantification lysed cells in sample buffer were thawed and mildly sonified for 30 s and 10.0 pl of this suspension was loaded onto five different SDSpolyacrylamide gels. For calibration four standard concentrations of both component A (cA) and component B (cB) of NTA-MO were loaded onto each gel. The detection limits for cA and cB were about 0.3 ng and 0.2 ng protein, respectively.
Determination of NTA-dependent oxygen uptake rate of cells. A sample (4 ml) of culture liquid was collected directly from the chemostat, washed once with and resuspended in the same volume of Tris/HCl buffer (50 mM, pH 7.5) and the NTA-stimulated oxygen uptake rate was recorded at 25 "C in a Clark-type oxygen probe (Rank Brothers). The total volume of the assay was 3.0 ml, consisting of 2-88 ml of cell suspension of known optical density and 120 pl NTA/MgCl, (0.1 M, each).
Biomass determination. Biomass was measured as dry weight by filtration through a 0.2 pm pore size polycarbonate membrane filter (Nuclepore). Cells collected on filters were washed with distilled water and filters were dried at 100 "C to constant weight. Optical density was determined in a 1 cm cuvette at 546 nm with a Uvikon 860 spectrophotometer (Kontron).
Analysis of substrate concentrations in the chemostat
NTA. In NTA-MO assays the concentration of NTA was measured by high pressure ion exclusion chromatography (detection limit 1 mg 1-' ) as described by Schneider et al. (1988) .
For measuring residual steady state concentrations of NTA in the chemostat culture 20 ml of culture fluid were taken directly out of the bioreactor and cells were immediately separated from the culture medium by filtration through a 0.2 pm pore size polycarbonate membrane filter (Nuclepore). NTA concentrations in single substrate experiments were measured using the high pressure ion exclusion chromatography mentioned above. NTA concentrations in mixed substrate experiments were Physiology of NTA degradation in Chelatobacter measured after derivatization by gas chromatography (Schaffner & Giger, 1984 Senn (1989) . Ammonia. The concentration of ammonia in filtered culture medium was measured using an automated nitrogen analyser (Breda Scientific) with a detection limit of 1 mg NH,-N 1-l. Protein. The concentration of protein in cell-free extracts used for enzyme assays and in standard NTA-MO solutions used for quantification of components A and B was determined by the method o f Bradford (1976) . Bovine serum albumin (Fluka) was used as a standard. . At all dilution rates tested the residual concentration of N T A was below the detection limit of the HPLC method used in this experiment (1 mg 1-'). The specific consumption rate for NTA, qNTA, increased almost linearly with increasing growth rate. Extrapolation to zero growth rate demonstrated a maintenance coefficient of 0.02 g N T A (g
RESULTS

Growth
Growth with glucose/ammonium. In batch culture, growth with glucose and ammonia (initial concentrations of glucose.H,O and of NH,Cl, 2 g 1-' and 1.38 g 1-' , respectively) as the only sources of carbon and nitrogen resulted in a pmax of 0-21-0.22 h-' (Wilberg, 1989) . In chemostat culture the maximum yield for glucose, YX/giucose(max), approached 0.43 at high growth rates, whereas a significant reduction of yield was observed at D < 0.02 h-' (Fig. lb) . qglucose was found to increase linearly between 0-02 h-' < D < 0.17 h-'. Because wall growth was not apparent during growth with glucose, the notable decrease in growth yield at D = 0.01 h-', and the resulting enhanced qglucose, may result from a significantly increased maintenance coefficient. Extrapolation of the linear portion of the data set yields a maintenance coefficient of approximately 0.02 g glucose (g DW)-' h-', which is in the same range as that found for NTA. The maximum specific oxygen consumption rates [qo,(max)] of chemostat-grown cells exposed in a Clarktype oxygen probe to excess concentrations of glucose or N T A are shown in Fig. 2 . At low growth rates glucosestimulated qo,(max) first increased with increasing dilution Regulation of enzymes involved in NTA degradation., During growth with N T A as the only carbon/nitrogen source the specific activity of NTA-MO increased with decreasing dilution rates (Fig. 3) . The data, obtained from two independent experimental chemostat runs, indicate that NTA-MO specific activity exhibits a maximum at growth rates between 0.02-0-03 h-l. IDA-DH in NTAgrown cells was approximately constant at D > 0.03 h-' but decreased considerably at lower growth rates (Fig.  3b ).
During glucose-limited growth in chemostat culture the specific activity of NTA-MO was always close to the assay detection limit of 10 pmol NTA (g protein)-' min-l.
Occasionally, low NTA-consuming activities were detected, e.g. at D = 0.17 h-l, although at any dilution rate neither of the two NTA-MO components was immunologically detectable above the constitutive low level (data not shown). IDA-stimulated oxygen consumption of inner membrane fractions was detectable at D > 0-06 h-' (Fig. 3b) . Specific activity of IDA-DH at these growth rates was about 1 0 % of the maximum specific activity found in NTA-grown cells.
Growth in a carbon-limited chemostat with mixtures of NTA and glucose
In both nature and wastewater treatment plants NTAdegrading micro-organisms will not only encounter N T A in their environment but they will grow in the presence of a complex mixture of potential carbon and/or nitrogen sources. It has been demonstrated previously that under laboratory batch conditions both Chelatobacter and Chelatococcz~s spp. are capable of utilizing N T A in combination with a suitable carbon substrate and that this usually results in enhanced growth rates (Egli e t al., 1988) . One can envisage that such mixed substrate growth should also occur under carbon-limited conditions in a chemostat and, consequently, one can assume that under environmental conditions also NTA-degraders will simultaneously utilize N T A in combination with other carbonaceous compounds. It has been shown earlier (Hamer e t al., 1985; Uetz e t al., 1992; Uetz & Egli, 1993) and in the previous section that the synthesis of NTA-specific Physiology of NTA degradation in Cbelatobacter To investigate the regulation of NTA-MO and IDA-DH in CD. heintaii ATCC 29600, cells were cultivated in carbon-limited chemostat culture at a constant dilution rate OF 0.06 h-' with different mixtures of glucose plus NTA supplied in the feed. In this experiment, the concentration of total carbon from either glucose and/or NTA in the medium feed was kept constant at 0.720 g 1-' .
In addition, the medium always contained an excess concentration of nitrogen (465 mg 1-' ) either in the form of ammonia and/or of NTA.
Growth and substrate consumption rates.
During growth with all mixtures tested N T A and glucose were used simultaneously down to concentrations of only a few pg 1-' in spite of the presence of excess ammonium in the culture liquid (Table 1 ). Dry weight in the culture decreased linearly with increasing proportions of N T A in the mixture (Fig. 4a ). This suggests that the growth yields for both substrates did not change as a function of the mixture composition supplied in the feed. As a consequence of the decrease of the combined growth yield, the concentration of residual ammonia increased almost linearly as the ratio of NTA/glucose was increased in the inflowing medium (Fig. 4a) . The specific consumption rates for both glucose (gglucosr) and N T A (qNTA) exhibited a slightly curved dependence on the ratio of the NTA/ glucose mixture fed (Fig. 4b) . The residual concentration of glucose was not influenced by the substrate mixture composition supplied and remained approximately constant at 8 & 3 pg glucose-C 1-' (Table 1 ). In contrast, the residual N T A concentration increased with increasing N T A proportions at NTA/ glucose ratios > 3-6 %, whereas during cultivation with N T A proportions lower than 3.6 YO the concentration of unutilized N T A was approximately constant in the range 9-17 pg NTA-C 1-l. It is noteworthy that N T A was also utilized simultaneously with glucose when it contributed only a minor fraction of the total carbon supplied in the feed, e.g. when a mixture consisting of 0.262 mg NTA-C 1-1 plus 726.9 mg glucose-C 1-1 was supplied to the bioreactor the resulting N T A concentration in the culture was 12 pg NTA-C 1-' (Table 1) . Growth with N T A as the only carbon source resulted in a residual N T A concentration of about 50 pg NTA-C 1-' . The measured concentrations of both N T A and glucose in Table 1 have to be interpreted with care because loss of substrate occurred during the sampling procedure. A worst-case estimate for the loss was made, assuming that the total time required for sampling was 30 s for N T A and 4 s for glucose and that consumption of the two substrates continued linearly at a rate identical to the specific consumption rate of the respective substrate. The values in Table 1 indicate that the measured residual concentrations of N T A might be significantly affected when taking into account the loss of substrate during sampling when the cells were cultivated with substrate mixtures containing 3.6% NTA-C or more. Similarly, one can expect that the residual glucose concentrations measured would also be affected during the sampling procedure when cells were grown with 10% or more glucose-C. carbon consumed neither of the two enzymes were induced. However, compared to fully induced cells, background activities in the range 3-6% for NTA-MO and 2-3 % for IDA-DH were always measured. The low constitutive expression of NTA-MO components A and B was also detected immunologically. Clear induction of both enzymes was observed when the fraction of NTA-C contributed 3.6% or more of the total carbon supplied with the substrate mixture. Immunoquantification of the two components A and B of NTA-MO confirmed the pattern obtained for the specific activity of this enzyme. This strongly suggests that the increase in specific activity was due to enhanced expression of the two components of NTA-MO rather than to the modification of pre-existing NTA-MO components. Comparison of specific activity patterns for NTA-MO and IDA-DH with the specific N T A consumption rate indicates that the degree of induction is not proportional to the flux of N T A through the pathway. Especially, induction of NTA-MO was more pronounced during growth with low ratios of NTA, whereas specific activity of IDA-DH reflected more closely the flux of NTA. NTA-stimulated maximum oxygen consumption rate followed the pattern exhibited by IDA-DH (Fig. 6a) ; however, in contrast to the low constitutive level of IDA-DH specific activity, no NTAstimulated oxygen consumption was detected during growth with low proportions of NTA. The specific activity of succinate dehydrogenase (Fig. 6b ) displayed a similar pattern as that of IDA-DH, whereas the specific activity of glucose-6-phosphate dehydrogenase (Fig. 6c) reflected the flux of glucose through the cell (compare Fig. 4b) Physiology of NTA degradation in Cbelatobacter decreasing qglucose. The enhanced specific activity found for succinate dehydrogenase in NTA-grown cells confirms the theoretically expected increased flux of carbon through the TCA cycle during growth with N T A as compared to growth with glucose.
DISCUSSION
Biodegradation of pollutants in nature and wastewater treatment plants always takes place in the presence of complex mixtures of often easily degradable carbon and nitrogen substrates. In addition, nutrients are usually present at low concentrations and micro-organisms experience fluctuations with respect to environmental factors such as nutrient availability, hydraulic residence times o r other physico-chemical parameters. One can envisage that in such systems one of the important parameters affecting the degradation of N T A by competent micro-organisms is the presence of other potential carbon/nitrogen substrates. The present investigation was focused on the influence of growth rate and the nature of the carbon/nitrogen substrates on the expression of enzymes involved in N T A metabolism in a NTAdegrading Cbelatobacter strain during growth in continuous culture.
Growth
The low l:Y/NTA of 0-21 measured at a growth rate of 0.06 h-' in comparison to that for glucose (YX/glucose -0.38) is consistent with the biochemical pathway as it was originally proposed for N T A by Cripps & Noble (1973) and modified later (Egli, 1994) . According to this pathway, assuming that assimilation of carbon into biomass takes place at the level of 2-phosphoglycerate, approximately 50 % of the reducing equivalents (NADH) that can theoretically be produced from N T A in the initial metabolic pathway and subsequent oxidation in the tricarboxylic acid cycle have to be invested to transform NTA into a phosphorylated C,-metabolite.
The linear decrease of the biomass produced during growth with different mixtures of N T A plus glucose (Fig.  4a) indicates that formation of biomass from the two substrates occurred in an additive manner with constant growth yields according to equation (1). This is also visible from the hyperbolic pattern of the specific consumption rates for glucose and N T A in Fig. 4(b) which follows the theoretical predicted lines calculated from equations (2) and (3) during growth with single substrates (Fig. la, b) . However, the final proof that the assimilation efficiency of the two substrates is not influenced by the mixture composition has to be confirmed, e.g. by using labelled substrates. The possibility remains that N T A is dissimilated preferentially to CO, and the energy produced is used to assimilate more carbon from glucose. Both cases, i.e. additive and non-additive behaviour have been reported in the literature (Dijkhuizen & Harder, 1979 ; Egli e t a/., 1982a; Muller e t al., 1983).
In batch culture NTA-utilizing bacteria are known to use N T A in combination with a metabolizable carbon source when N T A is supplied as the only source of nitrogen (Hamer e t al., 1985; Egli e t al., 1988) . However, it has never been tested whether under such conditions ammonia has the ability to repress the utilization of NTA.
The experiments described here demonstrate that under carbon-limited chemostat conditions, Cb. beintxiz was able to simultaneously consume N T A together with glucose in spite of the presence of high ammonia concentrations. This is consistent with the fact that the utilization of N T A in these bacteria cannot be regulated by ammonia, since growth with N T A as the only source of carbon results in the intracellular production of ammonia and its subsequent excretion into the growth medium. It remains to be investigated whether or not other carbon/nitrogencontaining growth substrates, such as amino acids are able to repress the utilization of NTA.
The data in Table 1 suggest that the residual concentration of N T A increased with increasing proportions of N T A in the mixture, and vice versa for glucose. An estimate for the maximum loss of substrate due to the continued consumption of N T A or glucose during sampling can be made by assuming a linear consumption of substrate at the rate of qs (compare Senn e t al., 1994) . It clearly shows that some of the measured values were strongly affected. This calculation indicates that the estimated true residual N T A and glucose concentrations as a function of the NTA/glucose-mixture composition will still increase with increasing proportions of N T A and glucose in the mixture, respectively. A similar pattern has been reported recently for the residual substrate concentrations for Escbericbia coli growing at a constant dilution rate in the chemostat with differing mixtures of glucose plus galactose (Lendenmann e t al., 1992; Egli e t al., 1993) .
The low residual N T A concentrations in the range 10-20 pg carbon 1-' from N T A detected in cultures containing only glucose as a carbon and energy source in the feed were found to originate from E D T A used for the preparation of the trace element solution (either from impurities or as a product of photodegradation). This was confirmed by the detection of N T A in the trace element stock solution.
Regulation of enzymes
Chemostat theory predicts that under ideal conditions residual substrate concentrations in a culture should be independent of culture density and this has been confirmed recently for growth with both single and mixed substrates (Rutgers e t al., 1989; Senn et al., 1994) . This implies that for growth with a particular ratio of NTA/glucose the residual concentrations of the two carbon sources should be independent of their concentrations in the inflowing medium. Therefore, residual substrate concentrations for NTA and glucose in the culture, as well as cellular composition and enzyme expression should depend on the ratio of the two substrates supplied in the feed only. To confirm this hypothesis Cb. heintxii was also cultured with different mixtures of NTA plus glucose and the total carbon concentration in the feed was reduced to one-tenth of' the original concentration. For all mixtures tested identical results were obtained for the specific activities of both NTA-MO and IDA-DH, as well as for the NTAstimulated oxygen consumption rate. Similarly, the combined growth yield from the two substrates remained constant. The observation that during mixed substrate growth the ratio of substrates-and not the actual concentrations in the feed -are controlling factor*; in enzyme regulation has also been reported for methylotrophic yeasts with mixtures of glucose and meth:tnol (Egli e t al., 1982a (Egli e t al., , 1983 . Repression of the synthesis of NTA-MO was found at high growth rates in NTA-limited chemostat culture. Similar patterns have also been observed for oirher catabolic enzymes in various microbes during growth under carbon limitation (Matin, 1979; van Dijken et al., 1976; Egli e t a/., 1982b; Tempest et al., 1983) . The repression of the synthesis of NTA-MO observed at dilution rates higher than 0.03 h-l might result from the fact that this enzyme contributes to a significant fraction of the cellular protein. Uetz et al. (1992) concluded that approximately 7 % of the total protein was NTA-MO in cells grown at the maximum specific growth rate in batch culture. Since NTA-MO specific activity is proportional to the amount of NTA-MO proteins (Fig. 5a , b) the specific activity pattern shown in Fig. 3 Bally & T. Egli, unpublished) as well as during growth in glucose-limited chemostat culture at low growth rates indicates that derepression plays a minor role in the synthesis of this enzyme.
The medium used for cultivation of the cells contained 
Ecological i m pl i ca tions
This study suggests that under environmental conditions NTA-degrading bacteria are able to utilize N T A not only simultaneously with glucose but probably also together with a range of other carbon substrates. With respect to the induction of NTA-degrading enzymes this raises the question as to what fraction N T A contributes to the total substrate utilized from the available carbon pool in the environment. Data available in the literature indicate that concentrations of N T A in river water are in the range 0.4-4 pg-C 1-I. In rivers receiving a high load of treated sewage this concentration can increase to 8-16 pg-C 1-1 (Woodiwiss e t a/., 1979; Anderson e t al., 1985; Houriet, 1990 ; Miiller, 1986) . Concentrations of dissolved organic carbon (DOC) in rivers and lakes are commonly in the range of a few mg 1-1 (Kaplan & Newbold, 1993; Munster, 1993) . Only a fraction of this DOC, usually some 1-5 % , is microbiologically available, indicating that most of the time heterotrophs are growing in such systems under carbon-limited conditions (Miinster & Chrbst, 1990) . Average concentrations of glucose, which often represents a significant part of the microbiologically utilizable organic carbon pool in surface waters, are typically in the range 5-20 pg-C 1-' but can reach up to 100 pg-C I-' in trophogenic zones (Munster & Chrost, 1990; Miinster, 1993) . This suggests that in rivers with high load of treated sewage N T A may contribute some 0-1-1 YO of the total carbon. Considering glucose only, it would contribute some 10% of the utilizable carbon for these bacteria. Under the assumption that NTA-degrading enzymes are regulated via the flux of carbon from
